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SPECIFICATION 

Hydrophilic contact lens coating 

5 'he present .invention s concerned with ccntac: .erses, solutions *or treating contact ;ens surfaces and a 5 
metnod of Coating Contact Lenses. 

it nas long oeen known :n tne art that a contact .ens -rust have surfaces tnat nave a certain degree of 
hyaropnilictty in order :o De wet oy tears thus orovioing unbiurrea vision. 
Soft, nydropntlic contact lens, in addition to oemg wettabie, oroviae comfort to the wearer but lack the 
'0 ability to correct visual deficiencies such as astigmatism since they tend to confirm to the shape of the '0 
corneal surface. 

Often hydrophilic monomers can be added to a mixture of comonomers in the formation of contact lenses 
so that upon polymerization optically clear contact lenses result wnich have a certain degree of 
hydropnilicity. As the nydrophilic monomer content increases where it is added directly to the lens 
1 5 composition, the physical characteristics of the lenses are affected by the increased hydration propensity of 1 5 
the polymeric composition. 

In some cases it has been known to treat a formed contact lens with a poiymerizaDle hydrophilic monomer 
to form a surface coating of hydrophilic polymer grafted to an otherwise hydrophobic polymer surface. 
Althougn effective, this method of increasing the hydrophilic character of the lens surface can sufferfrom 
20 involved and difficult manufacturing procedures. 20 
Present rigid and soft contact lenses sometimes retain water on their surfaces through secondary chemical 
bonding and as a consequence oniy a very thin layer of water molecules is present between the eye and the 
contact lens. 

Soft lenses are inherently comfortable but oftentimes, as with hard lenses suffer from orief surface 
25 dr/ness oetween eye blinks. State of the an technology teaches that a water soluble neutral polymer may be 25 
applied to the surfaces of a hard contact lens to provide a "cushion" layer between the lens and the eye 
wnich is equated with increased wettability as well as wearer comfort and tolerance. 

Dissipation of the "cushion" layer occurs rapidly in most prior 3rt constructions, since there is little specific 
interaction between the mobile polymer in this iayer and the lens surface. As a result the wearer begins to 
30 feel discomfort and must recoat the lens surfaces. 30 
it is an ODject of this invention to provide a hard or soft synthetic polymer contact lens whose surface 
carries a thin layer of poiyelectrolyte comolex coating the lens surface and electrostatically bound thereto. 

It is another object of this invention to provide a method of rendering a contact lens that has an ionic 
surface more compatible with the eye by immersing the lens in a solution of an oppositely charged ionic 
35 polymer to form a thin poiveiectrolyte compfex on the lens surface, which complex increases its hydrophilic 35 
cnaracter 'or a greater period of time relative to an untreated surface and which reduces the tendency for 
muccoroteins, a normal constituent of lacrimal tears, to adhere to a lens surface. 

The layer or coating comprises a poiyelectrolyte complex which is formed by reaction of an ionic lens 
surface with an oppositely charged ionic polymer, and this complex forms a hydrogel at the lens surface 
40 which absorbs water, has good water retention, and is compatible with the physiological structures of the 40 
eye. A durable "cushion" is formed which provides long lasting comfort to the eye. 

In the preferred embodiment, the lens is an oxygen permeable hard lens which carries an ionic charge or 
has the potential of having an ionic charge. Preferably the lens coating is formed by merely immersing the 
lens in a solution which consists essentially of an ionic polymer dissolved in a water solution or a water 
45 solution containing soluble organic components comprising from 0.001 to 10% by weight of the solution. 45 
The ionic polymer can be any ionic polymer compatible with the eye and which does not cause eye irritation 
yet wnicn forms a hydrogel and which is electrostatically bound to the surface of the contact lens. 

(t is a feature of this invention that thin coatings of from 20 to 2,500 Angstroms are formed, which coatings 
not oniy increase the compatibility of contact fens with the eye but also add a cushioning effect between the 
50 lens and the eye. Such coatings can avoid problems of punctate staining and further enhance the ability of 50 
the contact lens to be worn in the eye for periods up to 24 hours or more. 

Depending on the concentration of ionic sites on the lens surface and the concentration of oppositely 
charged ionic polymer with which the surface is reacted, either wetting, soaking, or lubricating solutions can 
be prepared to provide ODtimal wearer comfortability. In addition, if cleaning agents are mixed with the ionic 
55 polymer solution, mucus, dirt and other unwanted deposits can be removed from the resulting 
poiyelectrolyte complex surface. 

Soft and hard synthetic polymer contact lens materials are normally prepared from neutral monomers 
and/or polymers. In this invention both soft and hard contact lens materials are prepared in such a manner 
that ionic sites are present on the lens surface, such sites can be reacted with a lens solution containing an 
60 oppositely charged, hydrophilic poiymer. If the surface of the tens is considered polyanionic, the surface can 
then be reacted with a hydrophilic polycation with the resulting formation of a hydrophilic poiyelectrolyte 
complex. Poiyelectrolyte complexes have an equal amount of cations and anions, each obtained from a 
different source. In addition, these overall electrically neutral complexes exist as ionically cross-linked 
hydrogeis that are effective in retaining water of hydration. In this invention, a surface coating of 
65 poiyelectrolyte complex is achieved on a lens surface. A soft contact lens preoared entirely from a 
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60 



65 



aciveiec:roiv:e :omoiex .s Known out -.vol. a net nave the desirsa orooerTies c: enses crererred in 
acccrcance with this invention. <n the present ^venticn. t is oossicie tr.ar the -action or cnic sites on a 
polvmer surace. or octentia. cnic sites. with :oncommitant release or 3 ,ow mciecuiar weight electrolyte 
sucn as socium cnionce. nvcogen chionae. sodium sulfate, socium methvi sulfate or anv otner r elated 
5 eiectroivte ccuic give rise to 3 monolayer coating of ooiyeieciroivte comDiex. 5 
Polvesectroivte complexes, aitncucn nighiv nyaropniiic. are water-insolubie ana can oe dissolved with 
seme aifficuitv usuaiiv oy a ternan/ solvent svstem .ncorporating water, a water-soluDie organic compound, 
anc a low moiecuiar weight electrolyte. This soluoiiity oenavior Implies tnat n the oresent invention the 
ooiyeiectroiyte complex treated surface ; s ver/ difficult to dissolve anc seoarate "rom the ens surface by the 

10 aqueous fluids of the eve, although this surface coating conceivaoiy couia oe eroded by mechanical action in *0 
the eye curing wear. Should cissioaticn cf the ooiyeiectroiyte complex from the !ens surface occur, it can 
readily oe reciaced by retreatment of the lens with the apcropnate CDpositeiv charged oolyion solution. 

The ooiyeiectroiyte comDiex on the iens surface can oe achieved by several means, if 3n anionic surface is 
desired, this can be accomplisned bv incorporation into the lens formulation of 3ny monomer or monomers 

15 from the acryiate or methacrylate salt group, a vinyl sulfonate sait, an allyl or methallyt sulfonate orsulfate 1 $ 
salt, a styrene sulfonate sait, an acryloyioxy ethyl or methacryloyioxyethyl sulfate sait, a substituted 
acrylamido, or methacrylamido sulfonate salt or from related phosphonate, pnosphate and phosphite salts 
of polymerizable monomers. Alternatively, a potentially anionic surface can be generated for subsequent 
treatment with a poiycation followed by elimination of a low molecular weignt 3cid {such as hydrogen 

20 chloride) or oy subsequent treatment with a neutral basic polymer resulting in an acid-base neutralization 20 
reaction. Such anionic monomers include compounds such as acrylic and methacrylic acid, vinyl-sulfonic 
acid, allyl or methallyi sulfonic or sulfuric acid, styrene sulfonic acid, an acrylamido or methacrylamido 
sulfonic acid, or a polymerisabie phospnonic or phosphoric acid. 

If a cationic surface is desired, this is accomolished by incorporation into the iens formulation of any 

25 quaternary or protonated monomer or monomers from the acryiate or methacrylate sait group, a 25 
vinylpyridinium salt, a vinyiimidazolium sait, a vinylimidazolinium sait, a vinylthiazolium salt, a vinyl- 
benzyiammonium sait, a diailyidialkylammonium salt or a related alkylated or protonated polymerizable 
sulfonium or onosDhonium salt. Alternatively, a ootentially cationic surface can be generated for subsequent 
treatment with a poiyacid resulting in an acid-base neutralization reaction. Such potentially cationic 

30 monomers include compounds such as a aialkylaminoethyl acryiate or methacrylate, a vinylpyridine, a 30 
vinyiimioazoie, a vinyfbenzyl amine, a vinyl alkyi ether or sulfide, or a polymerizable vinyl phosphine. 

It is aiso possible to generate an ionic charge on the lens surface by chemically or electrically modifying a 
neutrai monomeric repeat unit to one that is chargd. For example, an anionic surface can be obtained by 
treating a poiyester material, such as polymethylmethacrylate, with an aqueous oase, such as sodium 

35 hyaroxiae, to yield sodium methacrylate units on the lens surface. Alternatively, a polyester material can be 35 
hydroivzed with an acid to yield methacr/iic acid units on the lens surface which function as potential anionic 
sites. Similarly, a cationic surface can be obtained by alkylating or protonating neucleopnilic amine, sulfiae 
or phosphine units on the iens surface. 
Virtually all hard and soft contact lens materials presently disclosed are electrically neutral polymers or 

40 copolymers. Such materials can be modified to inciude ionic surface groups. One general method for all 40 
types of lenses would include treatment of the surface with high energy irradiation in the presence of air to 
generate ionic surface groups, see A. Chaprio Radiation Chemistry of Polymeric Systems, Vol. XV, 
Interscience, New York, 1962, and F.A. Makhiis, Radiation Physics and Chemistry of Polymers, Wiley and 
Sons, New York, 1975. 

45 Another method would include modification of polymeric lenses formulations through incorporation of 4 5 
ionic (or potentially ionic) monomers. Polymethyl methacr/late, which is currently the material of choice in 
the hard lens area, is amenaoie to such modification. Examples of this approach include the copolymeriza- 
tion of either acrylic acid, methacrylic acid or dimethylaminoethyl methacrylate to provide a polymethyl 
methacrylate iens with ionic groups on the surface. 

50 Another example would inciude the modification of oxygen permeable lens formulations such as those in 50 
U.S. Patent 3,808,178. These formulations are copolymers of methyl methacrylate with a siloxanylalkyl ester 
of methacrylic acid and can be modified through the addition of either acrylic acid, methacrylic acid or 
dimethylaminoethyl methacrylate. 
In a similar fashion the monomers acrylic acid, methacrylic acid or dimethylaminoethyl methacrylate 

55 could be employed as co-reactants with hydroxyethyl methacrylate to produce a material that is suitable for 55 
soft contact lenses which, in addition, provides an ionic surface. 

Celiulosic polymers such as cellulose acetate butyrate have found use as contact lenses materials which 
exhibit moderate oxygen permeabiliity. Polymers of this type contain residual cellulose alcohol functionali- 
ties which can be utilized as modification sites. Reaction of sodium chloroacetate with the alcohol 

60 functionalities will result in pendent carboxylate groups along the polymer chain. Contact lens produced 60 
from this modified CAB material would be inherently wettable with an ionic surface receptive to 
polyelectrolyte complex formation. 

The synthetic resin lens preferably has a total ionic charge of from 0.001% to 10%. Thus from 0.001% to 
10% of the surface area is charged and the charge density often is about 5%. 

65 The lens solutions of this invention are in all cases USP sterile, preferably water solutions containing 65 
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\ n.^rretnviaminoethylacrylateandmethacrylate 
Setnacr.ovioxvethyltnmethylammonium cnloride and methylsulfate 

4- 3nc 2-methvl-5-vinylpyndme 
2- a- ana 2-methyl-5-vinylpyndinium chloride and methylsulfate :c 
■C N-.3-metnacrvlamicopropYl)-N ( N-dimethvlamine 

N-.3-metnacryiamidopropyl)-N,N,N-tnmethylammon,um chlor.de 

i-virvl- ana 2-methyl-1-vinvlimidazole 

Ivinyi- !na 2-methyl-1-vinylimidazolium chloride and methylsulfate 
N-'3-«crY..m^^ chlorid e 

aialividimethylamrnonium chloride and methylsulfate 
vinvlbenzvitrimethylammonium chlonde 

cationic starch 
20 cationic cellulose 
ionene ooiymers 
Anionic 

sodium carooxyrnethylcellulose 
sodium carooxymethylhydroxyethylcellulose 

25 sodium carooxymethyistarch 

soaiumcarboxymethylhydroxyethylstarch 
hydroiyzed Qoiyacrylamide and polyacrylonitrile 
homocolymers and copolymers of: 
acr/iic and methacrylic acids 
30 Soaium acryiate and methacrylate 
vinvlsulfomc acid 
sodium vinylfulfonate 
o-sxvrenesuifonic acid 
soaium D-siyrenesulfonate 
?-methacryloyloxyethylsulfonicacid 
3-methacryioyioxy-2.hydroxypropyisuIfonicacid 

2-acr/iamido-2-methylpropanesuifonicacid 

ailylsuifonic acid 

2-cnosDhatoethyl methacrylate . inHuriP conventional lens solution cleaning 

0-h.r aodiii.es ,0 ttie soekin, .ens solutions o this ^^^"^^.rninaMrMaKic 
an. soaking solution additives »«* as polyvinyl alcohol, 

acid 'EOTAl, mercurials and chlorobuianol can be useo. "etpn, » h , , he weffirg 

hyLyor.Dyl me.hylcellulo.e and methyl cellulose ca »Jf ^^ d "«S, agen.s sucn as neutral 

, jS^iroS — .eantlnanyway^ln, .invention. - 

c omono°me, ™-'"' ^ ~ ' 7*^ ** « 

tetraethyleneglycol dirnethacrylate ( i * utj , jzed t0 ef f e ct polymerization. The 

60 The free radical initiator W'-aiobis.sobuty^ m transferre d to test 

formulation components (shown m Table I ' n *"W^£^ were placed in a water bath at 40°C and 
tubes, stoppered, degassed, then filed «n*n J^™ e £££ ^ oven for an additional three days, 
allowed to polymerize for two days. The tubes ware *jn P ^ subjected t0 

after which the polymerized rods were removed from the tubes. ™ e polymerizatio n process 65 

65 conaitioning for approximately fifteen hours at 100 C under vacuum 
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anC relieve any mechanical stresses present, "est specimens, ."n the form of 3, " 6" ov 1,2" discs, were 
macninea from the conaitionea rocs. The flat macnmea surfaces of the ciscs were then highly polished to 
provide an appropriate surface for contact angle measurements. 
Contact angles were determined on hyarated specimens after immersea in for 2 days with the values 
5 reDresenting the advancing water droplet angle on tne oofisned surface. Lower angles are indicative of more 
wettaDie materials whicn can be attributed to a more oolar surface either as a result of the chemical groups 
present or the presence cf bound water molecules. 

The significantly lower contact angle prcducea oy surface treatment "3" cieanv illustrates the 
embodiment of this invention. The cationic hydroxyethyiceiluiose is icmcailv oouna to the surface 
10 carboxylate (anionic/ groups producing a layer of poiyelectroiyte complex wmch contains bound water. 

TABLE I 



1C 



Composition 

(wt. percent reagent) 



15 



20 



surface 
Treatment 



Advancing Angle 
m degrees 



MMA 


MA 


TEGDM 


AZO 






98.3 




1.0 


0.2 


none 


32-34 


93.8 


5 


1.0 


0.2 


none 


74-75 


93.8 


5 


1.0 


0.2 


A* 


77-78 


93.8 


5 


1.0 


0.2 


3** 


54-65 



15 



20 



'Treatment ",4 "was a five minute immersion in a sodium carbonate water solution (pH = 10.7) followed by 
a thorough rinse with distilled water. 

''Treatment "S" was initially identical to treatment "A" with a subsequent five minute immersion in a 0. 1 25 
weight percent cationic hydroxyethyiceiluiose (Union Carbide JR-1 25 resin) water solution at room 
temperature followed by a thorough rinse with distilled water. 
EXAMPLE il 

Using the experimental procedures described in Example I hard polymeric test samples were prepared 
from methyl methacryiate (MMA), methacryloyioxypropyl tris(trimethylsilyi) siloxane (THIS) and methacryiic 30 
acid (MA). A minor amount of tetraethylene glycol dimethacrylate (TEGDM) was incorporated as a 
crossiinking agnt. The free radical initiator 2,2'-3zobisisobutyro-nitrile (AIBN) was utilized to effect 
polymerization. The concentration of reagents employed, surface treatments and contact angle values are 
presented in Table II. this particular formulation was chosen as typical of those presently utilized in the 
35 production of hard, oxygen permeable contact lenses. 35 



25 



30 



TABLE II 



40 



Composition 
(wt. percent reagent} 



40 



45 



MMA 

TRIS 

MA 

TEGDM 
AZO 



59.4 

34.6 

4.9 

0.9 

0.2 



45 



Surface Treatment Advancing angle in degrees 
SO 50 

none 80-82 

"A" 82-33 

"B" 77-78 

"C"* 78-79 



55 



55 



60 



'Treatment "C"was initially identical to treatment "A" with a subsequent five minute immersion in a 0.1 
weight percent polyvinylbenzyl trimethyl ammonium chloride water solution followed by a thorough rinse 
with distilled water. 
EXAMPLE III 

60 Using the experimental procedures described in Example I hard polymeric test samples were prepared 
from methyl methacryiate (MMA), methacryloyioxypropyl tris(trimethylsilyl) siloxane (TRIS) and dimethyla- 
minoethyl methacryiate (DMAEM). A minor amount of tetraethylene glycol dimethacrylate (TEGDM) was 
incorporated as a crossiinking agent. The free radical initiator 2,2'-azobisisobutyronitrile (AIBN) was utilized 
to effect polymerization. The concentration of reagents employed, surface treatments and contact angle 

65 values are presented in Table 111. This particular composition was chosen as typical of a material which could 65 
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hp utir.7Pfl 'n the oroGuction of hignly oxvgen oermeabie, nard contact lenses. 
-hS incorooration of a cationic .oncer in the polymer formulation wn.cn s 

forming a oolyeiectrolyte complex with a ooiyion of the opposite cnarge. 

Composition 
iwt. percent reagent) 
MMA 51-8 
IRIS ^2.4 
DMAEM 4 - 7 
TEGDM 0-9 
AZO 0.2 
Surface Treatment Advancing angle in degrees 



) or 



83-84 

™™ 84-85 

75-76 

20 "F 77 " 78 



-Treatment »D» was a five minute immersion in a hydrochloric acid solution (pH = 3.0) followed by a 
^etn^^^^l i-ersion - a 0, weight percent po.yacrylic acid water solution 
25 followed by a thorough rinse with distilled water. sub seauent five minute immersion in a 0.1 

^general, the polymeric materia, of the .ens is preferably selected from the group comprising: 

R, 



30 



35 



CH 2 --C 



I 

c *o 

i 

0 



40 k r HCH CH.COOH CH~COOCH 3 , or CH 2 COOC 6 H 5 , and R 2 - H. or C r C 20 derivative of a 
ZTo^^ <* ^Vdric and tnhydnc alfcano.s, or 



45 



50 



55 



60 




where a" is an integer from one to three 

zero to one. A is selected from the class of methyl and pheny groups, B . s s t ^ ( 

or phenyl groups, C and D represent either no group (cyclic nng from 
65 The polymeric material can also consist essentially ot. 
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1 0 where Ri and R 2 are seiecrea from H, Ch 3 , C 2 H 5 , C 3 H 7 , C 6 H 5 , COCH, CH 3 = CH- and -0- grouDS. : C 

In some cases, the polymeric material consists essentially of cellulose units having the formula: 

CW. OR, 



15 

■o— < 




20 



c ° , 0 

rv, ^ 



where R 1# R 2 and R 3 are selected from H, derivatives of C<i-C 20 carboxylic acid, Ci-C 20 alkyl groups, C, to C 3 
monohydric and dihydric aikanols f phenyl groups, CH 2 COOH, and CH 2 CH 2 i\R 3 groups wnerein R 4 = H, CH 3 , 

25 orC 2 H 5 . 25 
While specific polymers described can be used alone, they can also be used in combination with each 
other. For example, the lens composition can comprise a mixture of two or more different derivatives of 
acrylic or methacrylic acid, it is important that the ionic charge be present and that the polymer or polymer 
mixture provide good contact iens characteristics as known in the art such as optical clarity. 

30 Preferably the contact ienses have a lens surface which contain ionic sites which are complexed to 30 
oppositely charged polymer sites selected from the groups COOX, S0 3 X, and P0 3 X, wherein X = H or 
monovalent inorganic ion N (R) 3 groups, wherein R = H, CH 3 or C 2 H 5 groups, S(R')2' wherein R' = H, CH 3 , 
or C 2 H 5 groups, p(R") 3 , wherein R" = H, CH 3/ C : H 5 and phenyl groups, pridinium groups and imidazolium 
groups. 

35 What is claimed is: 35 
CLAIMS 

1 . A contact lens comprising an optically clear, transparent body having a lens surface, 

40 said lens surface defining a polymeric material carrying an ionic charge, 40 
a thin layer of a poiyelectrolyte complex coating said lens surface and electrostatically oound thereto, 
said coating comprising 3n ionic polymer and said polymer forming a hydrogel at the surface which 
absorbs water, has good water retention and is compatible with the physiological structure of the eye. 

2. A contact lens in accordance with claim 1 wherein said polymeric material is: 



45 



Ch, = C 

50 ~ i 

c * 

o 

55 ^ 



45 



50 



55' 



where R, = H, CH 3/ CH 2 COOH, CH 2 COOCH 3 , or CH 2 COOC 6 H 5 , and R 2 « H, or C r C 20 derivative of a 
monohydric alkanol, a C1-C3 derivative of dihydric and trihydric alkanols, or 
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where "a" is an integer from one to three, "b" and "c" are integers from zero to two, "d" is an integer from 
zero to one, A is selected from the class of methyl and phenyl groups, B is selected from the class of metnyl 
20 or pnenyl groups, C and D represent either no group (cyclic ring from "c" to "d") or methyl or Dhenyl groups. 20 
3. A contact (ens in accordance with claim 1 and further comprising said polymeric material consisting 
essentially of 



25 




i 



whe^e R, and R 2 are selected from H, CH 3 , C 2 H 5 , C 3 H 7 , C 6 H 5 , COOH, CH 2 =CH- and -0- groups. 

4. A contact lens in accordance with claim 1 and further comprising said polymeric material consisting 
35 essentially of cellulose units having the formula 



40 




40 



o o 

45 R 2 R 3 4 5 

where Ri, R 2 and R 3 are selected from H, derivatives of C r C 20 carboxylic acid, C T -C 20 alky! groups, Ci to C 3 
monohydric and dihydric alkanols, phenyl groups, CH 2 COOH, and CH 2 CH 2 R3 groups, wherein R 4 = H, 
CH 3 , or C 2 H 5 . 

50 5- A contact lens in accordance with claim 1 wherein said lens surface contains ionic sites which are o0 
compiexed to oppositely charged polymer sites selected from the groups COOX, S0 3 X, and P0 3 X, wherein X 
= H or monovalent inorganic ion,N(R) 3 groups, wherein R = H, CH 3 or C 2 H 5 groups, §(R') 2 , wherein R' = H, 
CH 3 , or C 2 H 5 groups, P(R") 3 , wherein R" = H, CH 3 , C 2 H 5 and phenyl groups, pyridinium groups and 
imidazolium groups. 

55 6. A contact lens in accordance with claim 1 wherein said lens surface has a total ionic charge of from 55 
0.001% to 10%. 

7. A contact lens in accordance with claim 6 wherein said thin layer of polyelectrolyte complex coating 
has a thickness in the range of from 20 to 2,500 Angstroms. 

8. A contact lens in accordance with claim 2 wherein said lens surface contains ionic sites which are 

60 compiexed to oppositely charged polymer sites selected from the groups COOX, S0 3 X, and P0 3 X, wherein X 60 
= H or monovalent inorganic ion,N(R')3 groups, wherein R = H, CH 3 or C 2 H 5 groups, S (R'b/ wherein R' = 
H, CH 3 , or C 2 H 5 groups,P (R") 3 , wherein R" = H, CH 3 , C 2 H 5 and phenyl groups, pyridinium groups and 
imidazolium groups. 

9. A contact lens in accordance with claim 3 wherein said lens surface contains ionic sites which are 

65 compiexed to oppositely charged polymer sites selected from the groups COOX, S0 3 X, and P0 3 X, wherein X 65 
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= H or nnonovalent inorganic ion, ,\ IRS groups, wnerem R = H, CH-, or C : H 5 g roups. S<R') 2 wherein R' = H, 
CH 3 , or C 2 H 5 groups, P(R"! 3 , .vnerein R' = H, CH 3 , CjH 5 and phenyl groups, ovnainium groups and 
imidazolium groups. 

10. A contact lens in accordance witn claim 4 wherein saia iens surface contains ionic sites wnicn are 

5 comoiexed to oppositeiv charged polvmer sites selected from the groups COOX, S0 3 X, and P0 3 X. wherein X 
= H or monovalent inorganic ion,N(Rl 2 grouDS, wherein R = H, CH 3 or C : H 5 groups, S(R') 2 , wherein R' = H, 
CH 3 , or C 2 H 5 groups, P(R") 3 , wherein R" = H, CH 3 , C 2 H 5 and pnenyl groups, nyndinium groups and 
imidazolium groups. 

11. A contact lens in accordance with claim 7 wherein said tens surface contains ionic sites which are 

1 0 compiexed to oppositely cnarged polymer sites selected from the groups COOX, SO?X, and P0 3 X, wherein X ' 
= H or monovalent inorganic ion,N(R) 3 groups, wherein R = H, CH 3 or C 2 H 5 groups, S(R'} 2 , wherein R' = H, 
CH 3l or C 2 H 5 groups, P(R")3, wherein R" - H, CH 3 , C 2 H 5 and phenyl groups, pvridinium groups and 
imidazolium groups, 

12. A lens solution fortreating contact lens surfaces, said iens solution consisting essentially of an ionic 

15 polymer in water solution with said polymer being present in an amount of from 0.001 to 10% by weight of 1 
said solution, 

said solution being sterile and having a physiologically acceptable pH. 

13. A lens solution in accordance with the lens solution of claim 12 and further comprising lens cleaning 
and preserving additives. 

20 14. A method of forming a polyelectrolyte complex coating on a polymeric lens, said method 2 
comprising, 

wetting said lens surface with a wetting solution carrying an ionic polymer to form a thin layer of said 
polylectrolyte complex electrostatically bound to said surface, 

said coating comprising an ionic polymer and said polymer forming a hydrogel at said surface which 
25 absorbs water, has good water retention and is compatible with the physiological structure of the eyes. 2 

1 5. Contact lenses according to claim 1 ,esubstanttally as hereinbefore decribed and exemplified. 

1 5. A solution for treating contact iens surfaces, substantially as hereinbefore described and examflified. 

17. A method according to claim 14 of forming a coating on a contact lens, substantially as hereinbefore 
described and exemflified. 
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Washing and preserving scln. for contact .ens- 
contains wat er -sc lub le cationic polymer dissolved m 
saline soln. or pure water 

WASHING PRESERVE SO LOT! ON CONTACT LENS CONTAIN WATER 
SCL'JBLE CATION POLYMER DISSOLVE SALINE SOLL.ION PURE 

WA : IX 

;DAIL ; DAI CEL CHEM 1ST LTD 
JP115S412 A 890621 DW8931 003pp 
ORD - 1989-06-21 

IC - CI 1317/00 ; G02C7/0* ; G02C13/00 
?S - CPI;GMPI 

DC - A18 A96 D22 P81 , . . 

J01153^12 Soln. contains water-so lub :e cationic 
poller, which is dissolved in physiological saline 
soln. cr pure water. 

TVe cationic pclvmer of natural polysaccharide sucn as 
ce* : ulose, starch, tamarind, etc. and their derivs. to 
which are added alkylene oxide or glycidol is used. 
Cationic polyvinyl pyrrolidone, cationic polyacrylic 
ac^d etc. and their derivs. can be used. The mixts. of 
at/ieast two kinds of cationic polymers can be used. 
The amt. of the cationic polymer to soln. is O.Olo 
wt.%, pref. 0.01-2 wt.%. The buffer agent and other 
additives can be used. 

US"/ ADVANTAGE - Used for washing and preserving soln. 

contact lens. The soln. has both functions for 
wising and observation. It keeps hydrophilic property 
c* -he lens surface and suppresses the reproduction of 
ba---ia. The addn. cf germicide is not needed. (0/0) 
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